Abstract: This work examines the effect of fuel temperature in the gas emissions that is used in a four-stroke diesel engine under maximum constant fuel consumption. The fuel temperatures that were used are 20 o C, 30 o C, 40 o C, 50 o C, 60 o C, 70 o C and 80 o C. The engine was functioned under full load condition when it was using different mixtures of diesel-palm oil as fuel. For those fuel temperatures and for any mixture of fuel the gas emissions of carbon monoxide (CO), hydrocarbons (HC), nitrogen monoxide (NO) and rotate speed of engine are examined.
Introduction


One of the most renewable energy sources is biomass. Biomass is called every material that is produced by living organisms on a renewable basis, such as plants, animals and microorganisms. Biomass is an energy source that is constantly renewed because of photosynthesis. In photosynthesis, solar energy is bound and converted to chemical. During the combustion of biomass, solar energy becomes bound to heat and CO 2 (that is produced) goes back to the atmosphere and minerals included in the ash enrich the soil with nutrients. Biomass was the first fuel that has been used from the human being. Nowadays, it covers about 4% of total energy consumed in the USA and 45% of renewable energy sources [1] [2] [3] .
The most obvious source of biomass is trees. Woodfuel can be derived from conventional forestry practice such as thinning and trimming as part of sustainable management of woodland to ensure the production of high quality timber for construction, in transport in many countries (France, Germany, Italy, USA etc.) [6] .
Biodiesel is also produced from oil crops (soy, canola, sunflower), animal fat, offal and waste.
There are some advantages that make biomass an attractive source of energy. These are:
(1) The burning of biomass has a zero balance of carbon dioxide (CO 2 ). It does not contribute to greenhouse due to the fact that the amounts of carbon dioxide (CO 2 ) released during the burning of biomass bound again by plants to create biomass; (2) The minimal presence of sulfur in biomass contributes significantly to the reduction of sulful dioxide emissions (SO 2 ), which is responsible for the acid rain; (3) Since biomass is domestic source of energy, it contributes significantly to the reduction of import fuels dependency and improves the trade balance in securing energy supply and saving foreign exchange; (4) The use of biomass energy in an area increases the employment in rural areas with the use of alternative crops (various rape, sorghum, and reed), the creation of alternative markets for traditional crops (sunflower etc.) and the retention of the population in their homes, thus contributing to socioeconomic development in the region. Studies have shown that the production of liquid biofuels has positive effects on employment in both rural and industrial area.
An example of biodiesel is palm oil. Palm oil is produced from the palm tree Elaeis guineensis. The fruit of the palm is the only one that can lead to the preparation of two types of oil, oil from the flesh of the fruit and oil from the fruit kernels. Virgin palm oil is rich in carotenoids (provitamin A), tocotrienols and tocopherols (vitamin E) and contains no trans fatty acids. Palm oil is often confused with oil that is produced from the core of the fruit of the palm, but in reality its composition differs. The color of palm oil is reddish because it contains high percentage of beta carotene. It can be used as cooking oil and in the manufacture of margarine as well. It is also included as an ingredient in many processed formulations [1, 2, [5] [6] [7] [8] .
The arising question is how a four-stroke diesel engine behaves on both sides of pollutants and operation, when it uses fuel mixtures diesel-palm oil in different fuel temperatures, functioning the engine under max constant fuel consumption.
Instrumentation
Specifically, it has been used as fuel mixtures of diesel-palmoil (diesel, diesel-5% palmoil, diesel-10% palmoil, diesel-20% palmoil, diesel-30% palmoil, diesel-40% palmoil, diesel-50% palmoil, diesel-60% palmoil, diesel-70% palmoil, diesel-80% palmoil, diesel-90% palmoil, 100% palmoil) at different o C in a four-stroke air cooled diesel engine, named Ruggerini type RD-80, volume 377cc with one cylinder and power 8.2hp/3,000rpm. The engine was connected with a centrifugal water pump. The engine was functioned under maximum constantly fuel consumption.
During the experiments, the following have been measured:
 the CO%;  the HC (ppm);  the NO (ppm);  the engine rpm.
The measurement of rounds/min of the engine was made by a portable tachometer (digital photo/contact tachometer) named LTLutron DT-2236. Smoke was measured by a specifically measurement device named SMOKE MODULE EXHAUST GAS ANALYZER MOD 9010/M, which has been connected to a PC unit. The CO and HC emissions have been measured by HORIBA Analyzer MEXA-324 GE. The NO emissions were measured by a Single GAS Analyser SGA92-NO (Fig. 1 ).
Results and Discussion
The experimental results are shown in Figs. 2-29. From Figs. 2-29, the following can be mentioned:
(1) For the mixture of fuels that have been used, it has observed stability in the number of turns (Figs. 2-8) . Especially, diesel and plain palm oil appeared very little variation in rounds at different fuel temperatures. The lowest value of diesel (2,802 rpm) was measured when it was at 30 o C (Fig. 3 ) and the highest value (2,831 rpm) was observed at 50 o C (Fig. 5) . In plain palm, the lowest value (2,736 rpm) was observed at the higher fuel temperature, while the highest value (2,791 rpm) was observed at 40 o C (Fig. 4) . The highest average rounds (3,044 rpm) was observed at 20 o C (Fig. 2) in the fuel mixture of 20% of palm oil, while the lowest average rounds (2,765 rpm) was presented at 40 o C (Fig. 4) in the fuel mixture of 60% of palm oil (Fig.  6) . Generally, the fuel mixture of 20% palm oil appeared higher rounds in all temperatures, while the fuel mixture of 60% palm oil appeared lower rounds with an emphasis on lower temperatures ( were lower at all fuel temperatures as well as diesel and fuel mixtures of 30% and 90% of palm oil. Very high emissions were observed in plain palm oil and in the fuel mixtures of 5% and 10% of palm oil. The remaining fuel mixtures gave emissions at moderate levels. The lowest value of emission (11 ppm) was observed at diesel at 20 o C fuel temperature (Fig. 16) , while the highest value of emission (84 ppm) was observed in the fuel mixture of 10% of palm oil at 30 o C (Fig. 17) . (4) As far as NO emissions (Figs. 23-29) are concerned, it can mention that fuel temperature does not affect them. Almost all fuel mixtures that have been tested showed that emissions varied at the same level while fuel temperature was increasing. The only exception is the fuel mixture of 20% of palm oil, which (Fig. 29) . From the remaining fuel mixtures it was observed that the mixture of 30% of palm oil had the lowest emissions (approximately 500 ppm), while the plain palm oil had the highest emissions (about 1200 ppm) at all fuel temperatures. In particular, higher emissions appeared in the fuel mixtures of 5% and 10% of palm oil, while relatively low emissions appeared in the fuel mixtures of 50%, 60% and 70% of palm oil.
Conclusion
In the majority of fuels that have been used, it observed stability in the number of turns. Especially diesel and plain palm oil appeared very little variation in turns at different fuel temperatures.
The lowest rates of carbon monoxide appeared in diesel fuel. Lower rates appeared in the fuel mixtures of 90% of palm oil as well. Similar are the results for the values of unburnt hydrocarbons. In higher turns the fuel mixtures of 30%, 40% and 50% of palm oil appeared better values.
Regarding the engine rpm, the change was small, while maintaining fuel consumption constant but changing the fuel temperature.
Finally, it needs to be considered that the viscosity of palm oil is greater than that of diesel. Thus when they are both in the same temperature, the performance of palm oil or any mixture of palm oil with diesel will be lower in the ignition of fuel.
